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Abstract. We present new observational results on high- 
velocity clouds (HVCs) based on an analysis of the Lei- 
den/Dwingeloo Hi survey. We cataloged all HVCs with 
Nhi > 1T0 19 cm -2 and found 252 clouds that form a rep- 
resentative flux limited sample. The detailed analysis of 
each individual HVC in this sample revealed a significant 
number of HVCs (nearly 20%) having simultaneously a 
velocity and a column density gradient. These HVCs have 
a cometary appearance in the position-velocity represen- 
tation and are called henceforward head-tail HVCs (HT 
HVCs). The head is the region with the highest column 
density of the HVC, while the column density of the tail is 
in general much lower (by a factor of 2 - 4) . The absolute 
majority of the cataloged HVCs belongs to the well known 
HVC complexes. With exception of the very faint HVC 
complex L, all HVC complexes contain HT HVCs. The 
HT HVCs were analyzed statistically with respect to their 
physical parameters like position, velocity (vlsr> vqsr)> 
and column density. We found a linear correlation between 
the fraction of HVCs having a head-tail structure and the 
peak column density of the HVCs. While there is no cor- 
relation between the fraction of HT HVCs and vlsr, we 
found a dependence of the fraction of HT HVCs and vqsr- 
There is no significant correlation between the fraction of 
HT HVCs and the parameters galactic longitude and lat- 
itude. The HT HVCs may be interpreted as HVCs that 
are currently interacting with their ambient medium. In 
the context of this model the tails represent material that 
is stripped off from the HVC core. We discuss the impli- 
cations of this model for galactic and extragalactic HVCs. 

Key words: Galaxy: Galactic structure, halo - ISM: 
clouds, structure 



1. Introduction 



HVCs - first discovered by Muller et al. (1963) - are 
defined as neutral atomic hydrogen clouds with unusual 
high radial velocities (relative to the local-standard-of- 
rest frame, LSR) which deviate significantly from a simple 
galactic rotation model. 

Despite 36 years of eager investigations there is no 
general consensus on the origin and the basic physical 
parameters of HVCs. This is mainly because HVCs are 
difficult to detect in emission other than Hi 21-cm line 
radiation. HVCs mostly appear as "pure" neutral atomic 
hydrogen clouds. Absorption line studies provide informa- 
tion on the ionization state and the metalicity of HVCs. 
Their results indicate that the bright and very extended 
HVC complexes consist (at least partly) of processed ma- 
terial, having < 1/3 of the solar abundances (see Wakker 
& van Woerden 1997 for a recent review). Recent obser- 
vational results present evidence for emission of ionized 
atoms associated with HVCs. Tuftc ct al. (1998) for in- 
stance presented Ha emission associated with the HVC 
complexes M, A and C. Also the Magellanic Stream was 
found to be b right in the Ha line emission (Weiner & 
Williams 1996 ). In the soft X-ray regime evidence is pre- 
sented that the HVC complexes M, C, D and GCN are 
associated with excess soft X-ray radiation, produced by 
a plasma of a temperature T p i asma = 10 6 ' 2 K (Herbstmeier 
et al. 1995 Kerp et al. 1999 ). Also in the 7-ray regime the 
detection of excess 7-ray emission is claimed towards the 
HVC complex M (Blom et al. |1997[). 



However, the most critical issue of HVC research is 



the distance uncertainty to the HVCs. Danly et al. (1993), 
Keenan et al. ( 1995| ) and Ryans et al. (1997) consistently 
determined an upper distance limit of z < 3.5 kpc to HVC 
complex M. The most important step forward is the very 
recently determined distance bracket of 2.5 < z < 7 kpc 
towards HVC complex A by van Woerden et al. (1999). 
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These results clearly indicate that the HVC complexes M 
and A belong to the Milky Way and its gaseous halo. 



2 



C. Brims et al.: The head-tail structure of high-velocity clouds 



Parallel to the growing evidence that a significant frac- 
tion of the HVC complexes belong to the Milky Way and 



its halo, Blitz et al. (1999) supported the hypothesis that 



some HVCs are of extragalactic origin. They argued, that 
it is reasonable to assume that primordial gas - left over 
from the formation of the Local Group galaxies - may ap- 
pear as HVCs. Observational evidence for such a kind of 
HVC may be found by the detection of the highly ionized 
high- velocity gas clouds by Sembach et al. ( 1999Q , because 
of its very low pressure of about 5 K km s . 

The Magellanic System is a special case outside both 
major approaches. The Magellanic Stream (MS) and the 
Leading Arm (LA) (Putman et al. 1998) both form coher- 
ent structures over several tens of degrees having radial 
velocities in the HVC regime. Their gas represents most 
likely the debris caused by the tidal interaction of the 
Magellanic Clouds with the Galaxy at distances of tens of 
kpc. 

The physical conditions of the HVCs located in the 
gaseous Galactic halo or in the intergalactic space as well 
as their chemical compositions should be significantly dif- 
ferent. HVCs located in the intergalactic space are only 
exposed to the extragalactic radiation field. It is reason- 
able to assume that their column density distribution is 
dominantly modified by gravitational forces of the Local 
Group galaxies. In contrast, the gaseous distribution of the 
HVCs located within the neighborhood of the Milky Way 
is not only modified by gravitational forces but also by the 
ambient medium in the gaseous halo and by the strong ra- 
diation field consisting of stellar UV-photons, soft X-rays 
and cosmic-rays. 



Meyerdierks (1991) detected a HVC that appears like a 
cometary shaped cloud with a central core and an asym- 
metric envelope of warm neutral atomic hydrogen (the 
particular HVC is denoted in literature as HVC A2). He 
interpreted this head-tail structure as the result of an 
interaction between the HVC and normal galactic gas 
at lower velocities. Towards HVC complex C Pietz et 



al. ( 1996 ) discovered the so-called Hi "velocity bridges" 
which seem to connect the HVCs with the normal rotating 
interstellar medium. The most straight forward interpre- 
tation for the existence of such structures is to assume 
that a fraction of the HVC gas was stripped-off from the 
main condensation. 

In the pre sent paper, we extend the i nvestigations of 
Meyerdierks ( |l99l[) and Pietz et al. (|l996|) over the entire 
sky covered by the new Leiden/Dwingeloo Hi 21-cm line 
survey (henc eforward abbreviated as LDS, Hartmann & 
Burton 1997 ). For this aim, we investigated the shape and 
the column density distribution of a complete sample of 
HVCs to search for distortions in the HVC velocity fields 
accompanied by column density gradients. 

In Sect. 2 we give a brief summary of observational 
parameters concerning the LDS. In Sect. 3 we present 
our HVC-sample selection and the characteristic parame- 
ters. In Sect. 4 we describe the detection process of head- 



tail structures in our sample and show the distribution of 
head-tail structures within the individual HVC complexes. 
In Sect. 5 we discuss possible implications for the existence 
of the head-tail structures. In Sect. 6 we summarize our 
results. 

2. The Leiden/Dwingeloo survey 

The Leiden/Dwingeloo survey o f Gal actic neutral atomic 
hydrogen (Hartmann & Burton 1997) comprises observa- 
tions of the entire sky north of 8=— 30°. It represents an 
improvement over earlier large-scale H I surveys by an or- 
der of magnitude or more in at least one of the princi- 
pal parameters of sensitivity, spatial coverage or spectral 
resolution. Most important for our scientific aim is the 
correction of the LDS for the influence on stray radia- 



tion to the Hi spectra (Kalberla et al. 1980, Hartmann et 
al. 1996). The survey parameters were compiled by Hart- 



mann (1994) and Hartmann & Burton (1997). Here we 
summarize only the major properties important for this 
work. 

The angular resolution of the survey is determined by 
the beam size of the 25-m Dwingeloo telescope to 36'. The 
observations were performed on a regular grid with a true- 
angle lattice spacing of 0?5 in both, / and b. The velocity 
resolution was set to 1.03 km s _1 per channel of the auto- 
correlator. The effective velocity coverage (measured with 
respect to the Local Standard of Rest, LSR) covers the 
range -450 km s _1 < wlsr < 400 km s -1 . The character- 
istic RMS limit of the evaluated brightness-temperature 
intensities is about 0.07 K. The residual uncertainties, in- 
troduced for instance by baseline fitting, are about 0.04 
K. 

3. The HVC-sample 

3.1. Selection criteria 

The aim of the present work is to perform a systematic 
search for HVCs with a head-tail structure in the entire 



data base of the LDS (Brims 1998 ). For a statistical anal- 
ysis we need a well defined and representative sample. 
Therefore we define three conditions which all have to be 
fulfilled by the HVCs under consideration. 

— We identify H I emission lines as high- velocity H I pro- 
files if their radial velocities are at least ulsr > 90 
km s _1 and deviate at least 50 km s _1 from a simple 
galactic rotation model (the second condition is impor- 
tant for areas near the Galactic Plane). 

— The HVC must be traceable within three individual 
H I spectra, to overcome residual baseline uncertainties 
and broad but faint residual interference signals. We 
demand further that the signal is not correlated with 
the observational grid. The minimum three H I spectra 
are discarded if they are aligned only in galactic longi- 
tude or latitude. Accordingly, the three spectra build 
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Fig. 1. The distribution of the individual HVCs of our sample. Each marker represent an individual HVC of our 
sample. In total 252 HVCs are identified. The HVCs showing a head-tail structure are indicated by a superposed open 
circle. The dashed line indicates the southern limit of the LDS at 5 = -30°. 



up the smallest allowed map of a HVC of interest. This 
corresponds to cloud-sizes larger 1°. 
— The minimum H I column density of the studied HVCs 



is Ni 



Hi 



1-10 1 



This constraint is introduced 



to analyze only high- velocity Hi profiles with a suffi- 
cient signal-to-noise ratio, allowing to study the shape 
of the H I emission lines in detail. 

Applying the three conditions compiled above to the LDS 
data, we build up a new "bright source catalogue of ex- 
tended HVCs" for the northern sky offering an angular 
resolution below 1°. 



3. 2. General properties of the HVC sample 

Fig. [I] shows the distribution of the selected HVCs across 
the galactic sky. The dashed-dotted line represents the 
southern declination boundary of the LDS at S = —30°. 
Each individual marker represents a single HVC selected 
according to the three criteria mentioned above (Sect. 
3.1). In total we identified 252 HVCs. Because of the ap- 
plied selection criteria, each marker represents a unique 



line of sight to a HVC. The selected HVCs follow in detail 
the positional distribution of the well known HVC com- 
plexes (Wakker & van Woerden 1997). The open circles 
mark the location of HVCs with a head-tail structure (see 
Sect. 4). 

In Fig. ||a the radial velocity (in the local standard- 
of-rest frame) is plotted versus the galactic longitude. 
Most of the HVCs have velocities in the range of -200 
km s _1 < v LS r < -100 km s _1 or +100 km s _1 < u LSR < 
+200 km s _1 . Only HVCs belonging to the Magellanic 
Stream, the anti-center complex and some clouds near 
the Galactic Center show radial velocities of vlsr < -200 
km s^ 1 . All these more extreme velocity HVCs are located 
on the southern galactic sky. The absence of a significant 
number of HVCs with positive radial velocities is because 
of the limitation to 8 > —30° of the LDS data. In particu- 
lar the Magellanic Cloud System is traceable in Hi 21-cm 
line radiation with positive v lsr velocities (see Putman et 
al. 1998| or Putman 1999 for a recent overview). 

Fig. ||b shows the radial velocity (in the local standard 
of rest) as a function of the galactic latitude. In this fig- 
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Fig. 2. The distribution of the HVCs - radial velocity (in Vlsr and ^gsr) as a function of the parameters galactic 
longitude and latitude: a ulsr vs. galactic longitude, b i>lsr vs. galactic latitude, c vqsr vs. galactic longitude, d 
vgsr vs. galactic latitude. The transformation from LSR to GSR was calculated according Eq. 1. The HVCs showing 
a head-tail structure are marked (as in Fig. 1) with open circles. 



ure the north/south asymmetry is visible, i.e. the HVCs 
in the northern galactic sky have relatively low radial ve- 
locities while the HVCs on the southern galactic sky show 
in general much higher radial velocities. 

Figs. ||: and d show our HVC sample in a different 
representation: radial velocities are transformed into the 
galactic standard-of-rest frame. 



vgsr = «lsr + 220 sin(Z)cos(&) 



(1) 



In Fig. ||c the radial velocity (vgsr) is plotted versus the 
galactic longitude. The HVC complexes are grouped now 
to coherent structures, which are even larger than the ex- 
tent of an individual HVC complex. For example, the HVC 
complexes M, A and C build up the largest coherent struc- 
ture in this representation. Most of the HT HVCs belong 
to this structure. The Magellanic Stream forms a parallel 
shifted feature. There is one cloud complex that is clearly 
outside the main distribution: the Smith cloud (1 = 38°, b 



= -13°, Smith 1963 ) shows radial velocities vgsr ~ +250 
km s~ 1 while all other clouds have vqsr < +75 km s _1 . 
This may be a hint for a different origin of the Smith 
cloud. Bland-Hawthorn et al. (1998) claimed an associa- 
tion of the Smith cloud with the Sgr dwarf. 
Fig. ||d shows the radial velocity (vgsr) a s a function of 
the galactic latitude. The north/south asymmetry is still 
visible. 

Fig. |^ shows histograms of the HVC distribution 
for the parameters peak column density, i>lsr and 
^GSR- The histogram of peak column density versus 
number distribution of the corresponding HVCs contain 
information on the studied ensemble. We evaluated the 
log(7V)-log(5) correlation (where N is the number of 
HVCs per flux interval and S is the flux) and found a 
correlation coefficient of -0.91, clearly indicating a linear 
relation between both quantities. The linear equation is 
log(AT) = (0.53 ± 0.07)x log(£)+ (3.00 ± 0.06). Within 
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Fig. 3. These histograms show the number of HVCs versus a peak column density, b i>lsr and c dgsr- The entire 
HVC sample is plotted in light gray, the HT HVCs are plotted in dark gray. (Y^hvc = 252, T^head-tad — 45) 



the uncertainties these nu mbers are equal to the values of 
Wakker & van Woerden (|l99l[) on the log(AT)-log(5) of 
the population of positive and negative HVCs distributed 
across the northern sky. This result demonstrates, that 
our ensemble of HVCs is a representative flux-limited 
sample of HVCs. 

Fig. ||b shows the number distribution with respect to the 
radial velocity (ulsr)- Most of the HVCs have velocities 



rameters galactic longitude and latitude, radial velocity 
(^lsr, ^GSr) and peak column density. 

In the following step we analyze each individual HVC 
of the sample with respect to the shape of its Hi line 
profiles, for instance for the variation of the mean velocity 
and the variation of the column density across the HVC 
extent. 



in the intervals centered on wlsr 



-150 km s and 



100 km s 1 . Fig. ||c shows the number distribution e 0C ^V gradients 



with respect to the velocity (wgsr)- The bulk of the 
studied HVCs reveal low radial velocities with respect 
to the galactic standard of rest frame. The mean vgsr 
velocity is negative (vhvc = -62.3 km s _1 ± 7.5 km s _1 ), 
indicating that the majority of HVCs in our sample 
are moving towards the Galactic Disk. Wakker & van 
Woerden (1991) showed that the inclusion of the southern 
hemisphere Hi data on HVCs in their sample does not 
change this general i>gsr velocity behavior. 



4. Head- Tail structures 

Our HVC sample, selected according to the conditions 
compiled in Sect. 3, provide information on the distri- 
bution of the HVCs relative to the observational pa- 



We find that about 40% of the HVCs show up with a 
significant velocity gradient. These velocity gradients are 
very frequently associated with a column density gradient 
(20%). The detected velocity gradients are by them-self 
not a priori indicators for an intrinsic distortion of the 
HVC velocity field. There are several effects that can pro- 
duce a velocity gradient. 

— The HVCs of our sample are, because of the applied 
selection criteria, extended objects. Accordingly, the 
angle between the line of sight and the solar velocity 
vector varies across the extent of the HVC. This effect 
can produce a velocity gradient of about 10 km s _1 /[°]- 

— The same kind of velocity gradient is also expected 
from the HVC velocity vector, because the angle be- 
tween the HVC velocity vector and the line of sight 
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Fig. 4. Examples of HVCs with a head-tail structure. These position- velocity diagrams are oriented along the velocity 
gradient axis of each head-tail HVC: a HVC192-24-130, b HVC189-30-205, c two clouds in the Magellanic Stream 
(near 1=53°, b=-80°.5, d HVC166+56-130 e HVC112+53-150 and f HVC128-36-425; the contour lines start at T B = 
0.21 K (3a) in steps of ATb = 0.14 K(2<r), gray-scale indicates Tg, the darker the color the higher Tb (each Fig. has 
the same intensity scale). The contour lines in f start at Tb = 0.12 K (3a at Av = 3km s _1 ) in steps of ATb = 0.08 
K(2tr). 
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changes with position, too. This velocity gradient de- 
pends on the unknown 3D velocity of a HVC. 

— Two or more HVCs may be superposed on the same 
line of sight with comparable group velocities. The 
probability for an accidental superposition of two in- 
dependent HVCs is very low. Nevertheless it is known 
that HVCs consist of several clumps. The superpo- 
sition of two clumps that belong to the same HVC 
has a much higher probability. High angular resolution 
Hi studies may disclose this kind of arrangement. 

— Even if there is no evidence for a rotating HVC so far, 
a rotating HVC would show up with a velocity gradi- 
ent similar to rotation curves of galaxies. Revealing a 
red- and blue-shifted extension in the position-velocity 
diagram. 



The effect related to the solar velocity vector is well de- 
fined and therefore easy to calculate according to Eq. |l|. 
All other velocity gradients are related to the HVC phe- 
nomenon. 

4-2. Definition of head-tail structures 

Our aim was to search for real distortions in the velocity 
field of individual HVCs, which may be an indicator for 
an interaction of the HVC with the surrounding interstel- 
lar medium. Accordingly, we studied those HVCs which 
reveal a velocity and a column density gradient simulta- 
neously. This kind of HVC appears like a comet in the 
position-velocity domain, and justifies the name head-tail 
HVC (HT HVC). The head is the region with the high- 
est column density of the HVC, while the column density 
of the tail is in general much lower (by a factor of 2 - 
4). Fig. ^ shows six examples of the studied HT HVCs: 
the HVC shown in Fig. |]a and b belong to the anti-center 
complex (HVC189-30-205 and HVC192-24-130). In Fig. |c 
two HVCs of the Magellanic Stream are displayed. Both 
show a head-tail structure. The HVC displayed in Fig. ^d 
(HVC166+56-130) is a special HT HVC, because the HVC 
appears to be connected with the Hi gas in the Galac- 
tic Disk; it forms a so called velocity bridge. Up to now 
it is unknown, whether the HVC gas is really physically 
connected to the Galactic Disk gas or just an accidental 
superposition on the same line of sight. Fig. [ps shows a 
HT HVC where the head has a relatively low intensity. 
Fig. [|f shows the HT HVC with the highest observed ra- 
dial velocity in our sample (vlsr = -425 km s _1 ). The 
velocity resolution was reduced to 3 km s _1 in this pic- 
ture to give an idea of the extent of the tail. This HVC is 
a very-high-velocity cloud (VHVC) several degrees away 
from the galaxy M33 (-300 km s _1 < v LS r(M33) < -75 
km s _1 ). 
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Fig. 5. Correlation between the fraction of HT HVCs on 
all HVCs of the sample in a certain column density interval 
versus the peak column density. The solid line marks the 
result of a weighted linear regression. 

4-- 3. Results 

In total, we found 45 HVCs associated with a HT structure 
in our HVC-sample containing 252 individual HVCs. The 
column density contrast between the head and the tail 
varies in general between factors 2 - 4. It is a general 
behavior that the column density maximum, the head, is 
located at higher radial velocities than the tail. The HT 
HVCs are extended objects and cover in general several 
square degrees. 

Fig. [l] shows the distribution of the head-tail HVCs 
across the galactic sky. The HT HVCs are marked by open 
circles. Obviously all HVC complexes reveal HT HVCs, 
even in the northern part of the Magellanic Stream HT 
HVCs are present. Only in HVC complex L no HT HVCs 
were found. Fig. || shows the distribution of the HT HVCs 
in comparison to the HVC sample in respect to the pa- 
rameters galactic longitude, latitude and radial velocity 
(wlsr and v GSK ). 

In Fig. H histograms are plotted for the whole HVC 
sample and the HT HVCs with respect to the parameters 
peak column density, wlsr an d «gsr- We discuss these 
histograms further in the following subsections. 

4.3.1. Peak column density 

Fig. ||a shows histograms for the number of HVCs per col- 
umn density interval. The histogram for the entire HVC 
sample is plotted in light gray, the histogram for the HT 
HVCs is plotted in dark gray. It is obvious that there are 
only relatively few HT HVCs at lower column densities 
(relative to the HVC sample). 

A detailed analysis of the histogram for the peak column 
density revealed a linear relation between the fraction of 
head-tail HVCs and the peak column density. Fig. ||| shows 
this relation. The vertical error-bars are calculated with 
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respect to the low statistics (there are very few HT HVCs 
with a high column density) , the horizontal error-bars in- 
dicate the size of the individual intervals. The solid 
line represents the linear regression fit: 



#HTs 
#HVCs 



(0.0317 ± 0.0028) 



TV (Hi) 
[10 19 cm- 2 ] + 
(0.017 ±0.012) 



(2) 



We like to emphasize that the lower limit of Ajjj = 
1 10 19 cm -2 was chosen to derive statistical significant in- 
formation on even the faintest HVCs in our sample (this 
limit is about a factor of 3 above the detection limit using 
the highest velocity resolution Av = 1.03 km s _1 of the 
LDS data). The correlation displayed in Fig. || is not bi- 
ased by a detection limit. 

This empirical relation can be used to determine an ex- 
pected number of HT HVCs for each individual HVC- 
complex in our sample. The comparison of the expected 
numbers of HT HVCs with the detected ones shows a good 
consistency. Only towards the Galactic Anti-Center a sig- 
nificantly larger number of HT HVCs is detected than 
expected. The correlation explains why we were not able 
to find HT HVCs in Complex L: this complex has only 
very few, faint HVCs (the expected number of HT HVCs 
for this complex is only 0.3). 

4.3.2. Radial velocity (vlsr) 

Fig. ||b shows histograms for the number of HVCs per 
velocity (vlsr) interval. The histogram for the entire HVC 
sample is plotted in light gray, the histogram for the HT 
HVCs is plotted in dark gray. 

A large number of HT HVCs have radial velocities in the 
intervals centered on -100 and -150 km s _1 (62.2%). This 
is consistent with the fact that most HVCs have radial 
velocities in this regime (62.9%). The interval centered 
on -200 km s _1 contains a relatively large fraction of HT 
HVCs. The large number is expected because of the fact 
that there is a high percentage of high column density 
HVCs in this velocity interval, increasing the probability 
to detect a HT HVC according to Eq. 2. It remains unclear 
whether there are too many high column density HVCs or 
too few low column density HVCs in this velocity interval. 

4.3.3. Radial velocity (^gsr) 

Fig. |^c shows histograms for the number of HVCs per ve- 
locity (i>gsr) interval. The histogram for the entire HVC 
sample is plotted in light gray, the histogram for the HT 
HVCs is plotted in dark gray. 

The mean radial velocity fGSR of the HT HVCs is more 
negative than the mean radial velocity of the HVC sam- 
ple. A Gaussian fit to the histograms revealed mean veloc- 
ities of whthvc = -86.1 km s _1 ± 3.8 km s _1 and w a iiHVC 
= 62.3 km s _1 ± 7.5 km s" 1 . The difference between the 



mean velocities (Av=23.8km s _1 ) is significant. The prob- 
ability to find a HT HVC increases with negative GSR 
velocity. We checked that this result is not caused by the 
relation shown in Fig. ^. 

The velocity dispersion in Fig. ^Jc is nearly identical for 
the HT HVCs (FWHM = 174.0 km s" x ± 7.5 km s" 1 ) and 
the complete HVC sample (FWHM = 179.9 km s -1 ± 15.1 
km s _1 ). 



5. Discussion 

In the following subsections we discuss possible interpre- 
tations for HVCs with a head-tail structure at different 
distances from the Galactic Disk. 



5.1. HVCs in the gaseous Galactic halo 

The gaseous halo of the Milky Way has a vertical scale 



height of 4.4 kpc (Kalberla & Kerp |998|). At least the 
HVC complexes M (z < 3.5 kpc, Danly et al. 1993, Keenan 
et al. Ql995| ) and Ryans et al. (|1997[ )) and A (2.5 < z < 
7 kpc, van Woerden et al. |1999| ) are located within the 
gaseous halo. As a natural consequence some kind of in- 
teraction is expected when a cloud has a high velocity 
relative to the ambient medium. In a ram-pressure model 
the head is the interacting HVC and the tail is gas which 
was recently stripped off from the HVC. In an absolutely 
homogeneous halo medium there should be a constant in- 
teraction rate for all HVCs with similar distances and ve- 
locities. The HVC complexes form coherent structures in 
position and in velocity, i.e. they may form also coherent 
structures in space. Therefore one would expect naively 
that all HVCs of a complex should show up with a head- 
tail structure. This is obviously not observed. 
Kalberla & Kerp 1998 estimate that ~ 10 % of the halo 



gas is neutral, having higher density than the surrounding 
plasma. This implies that only those HVCs are expected 
to show up with a head-tail structure that are passing 
through an area with locally higher halo density. Accord- 
ingly there is a 10 % probability for the creation of a HT 
HVC. Thus at least 10 % of the HVCs should have a head- 
tail structure. 

In the following we estimate the life-time of a head-tail 
structure. The HVC tails have on the average a column 
density of a few times 10 19 cm~ 2 . Because of the low 
dust abundance in galactic HVCs (in particular in case of 
the galactic HVC complex M, Wakker & Boulanger 1986) 



photoelectric heating can be neglected as an excitation 
process. Only the diffuse X-ray radiation of the galactic 
halo and the cosmic-rays heat the HVCs. According to 



N 



Wolfire et al. (199£a and b) column densities of a few 



Hi 



10 cm have a high ionization probability. 



This corresponds to a life-time in the neutral state of 
about 10 5 - 10 6 years. Compared to the free-fall time of 
a galactic HVC, of about 10 7 years, the life-time of the 
stripped-off matter is very short. The tail of a high peak 
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column density HVC contains more material and will 
survive significantly longer against the ionizing radiation 
of the diffuse X-rays and cosmic rays. This is consistent 
with the observational fact that the high peak column 
density HVCs reveal much more frequently a HT HVC 
(Fig. 1). 

In addition, it is possible that the production or the 
life-time of a tail depends on the small scale structure of 
a HVC. HVCs consist of two components: cold clumps 
are surrounded by an envelope of warm gas. HT HVCs 
with clumps in their tails will survive much longer than 
tails that contain only diffuse warm gas. The angular 
resolution of the LDS is too low to resolve the inner 
parts of the HVCs. Hi observations with high angular 
resolution are mandatory to study the effects of the 
small-scale structure. 



5.2. The Magellanic Stream 

The Magellanic Stream (MS) is the only HVC complex 
with a generally accepted origin: it is build up by gaseous 
debris caused by the tidal interaction between the Mag- 
ellanic Clouds and the Milky Way. The distance of the 
southern end of the Magellanic Stream is assumed to be 
very similar to the distance to the Magellanic Clouds (D 
w 50 kpc). In the opposite, the distance of the northern 
end is unknown. If it is located at low z-heights, i.e. in 
the gaseous halo, the observed head-tail structures may 
be produced by the same process as the HT HVCs in the 
complexes M and A. In this scenario the MS covers a large 
distance bracket of several tens of kpc. There should be no 
head-tail structures in the southern part of the stream. On 
the other hand, the northern part of the MS could have 
distances similar to the distance of the Magellanic Clouds. 
The existence of HT HVCs cannot be explained by an in- 
teraction with the gaseous halo, because it would be far 
outside the gaseous halo. A possible interaction partner 
could be the debris from previous revolutions of the Mag- 
ellanic System. The ionizing radiation field is much weaker 
at these distances. Accordingly, the life-time of a tail in 
the MS is orders of magnitudes longer compared to HVCs 
in the lower Galactic halo. 



5.3. HVCs at extragalactic distances 

There is evidence that some HVCs are at intergalactic dis- 



tances (Braun & Burton 1999, Blitz et al. 1999, Scmbach 
et al. P.999D - 

Sembach et al. ( 1999[ ) found highly ionized high- velocity 
gas clouds. Several lines of evidence, including very low 
thermal pressures (P/kw 2 cm -3 K), favor a location for 
the highly ionised high-velocity gas clouds in the Local 
Group or very dist ant G alactic halo. 
Braun & Burton ( 1999 ) searched for compact, isolated 
HVCs. They classified HVCs as compact if they have an- 



gular sizes less than 2 degrees FWHM. They are isolated 
in that sense, that they are are separated from neighbor- 
ing H I emission by expanses where no emission is seen to 
the detection limit of the data. They found 66 of these 
compact, isolated HVCs. A comparison between their and 
our sample reveal that the sample of Braun & Burton is 
much more uniformly distributed in the parameter space 
(position vs. velocity) than the HVCs of our sample. The 
different distributions may be an indication for different 
objects in origin and evolution. Braun & Burton claimed, 
that their HVCs are most likely located at intergalactic 
distances. The HVCs of our sample probably contain a 
significant number of HVCs located in the gaseous halo of 
the Milky Way. 11 HVCs of their sample are also included 
in our sample. Moreover, two of them show up with a head- 
tail structure (HVC271+29+181 and HVC30-51-119). 
If these HVCs are located in the intergalactic space, the 
life-time of the head-tail structures would be much longer 
because of the much weaker ionizing radiation field at 
these distances. On the other hand, it is not straight for- 
ward to explain what kind of interaction process may pro- 
duce the observed features at distances of several hundreds 
of kpc. Especially these (probably very distant) head-tail 
HVCs should be observed with a higher angular resolution 
in the near future. 



6. Summary and conclusion 

We performed a systematic analysis of the HT HVCs 
across the whole sky that is covered by the LDS (about 
75% of the entire sky). We selected a representative 
flux limited HVC sample with column densities iVjjj > 
1 10 19 cm~ 2 and minimum angular diameter > 1°. In total 
we found 252 HVCs. 

Each individual HVC was analyzed with respect to ve- 
locity gradients and asymmetries in the Hi line profiles. 
The so called head tail HVCs have a cometary shape in 
the position- velocity domain. We found that 45 out of 252 
HVCs show up with a head-tail structure. These HT HVCs 
are randomly distributed over the whole sky covered by 
the LDS. 

A statistical evaluation of the HVC ensemble revealed 
that the probability to detect a HT structure increases 
linear with the peak column density and with increasing 
negative radial velocity in the GSR frame. There is no 
significant correlation between the other parameters like 
galactic longitude, latitude and i>lsr- 

The detection of HT HVCs in nearly all prominent 
HVC complexes implies qualitatively comparable physical 
processes in all of the HVC complexes. Individual HVC 
cores seem to interact with their ambient medium. In 
case of the HVC complexes located within the Galactic 
halo and the Magellanic Stream the interaction with the 
gaseous halo medium or gaseous debris distributed along 
the orbit of the Magellanic Clouds may serve as a straight 
forward explanation for the existence of the HT HVC. At 
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intergalactic distances the detection of HT HVCs is dif- 
ficult to interpret, because the characteristic time-scale 
for heating and cooling of the HVC matter is orders of 
magnitude shorter than the assumed age of these HVC 
complexes. 

High angular resolution Hi observations of the de- 
tected 45 HT HVCs in future will improve our knowledge 
on the temperature structure and small-scale column den- 
sity distribution of this special kind of HVCs. In addition 
the comparison with other wavelengths, e.g. with Ha emis- 
sion, will help to understand the existence of HT HVCs. 
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